Hukuhara's problem for equations of evolution
By Setuzo YOSIDA* § Introduction.
In the former work [12] we have investigated boundary value problem formulated with Hukuhara's data for parabolic system. Now in this paper, we shall treat initial value problem formulated with Hukuhara's data, or shortly, Hukuhara's problem for equations of evolution.
In §1 we shall consider a system of equations of evolution We shall apply Fourier transformation g* with respect to the variables x=(x-L ,Xto~*,x m ) to the system (0.1) and transform the problem into a Hukuhara's problem for ordinary differential equations, which can be solved under a suitable assumption.
In §2 we shall investigate a system of special type, which can be treated under a weaker assumption than the former one.
In §3 we shall treat Hukuhara's problem for convolution equations, which can be solved by the same method as in the preceding sections.
In the last section we shall consider Hukuhara's problem for a semi-separate symmetric hyperbolic system. This is a system of differential equations of which the principal part consists of separate symmetric hyperbolic systems. Partial differential equations of "semiseparate type" have been investigated by several authors. See for example T. Kusano [4] , [5] and references in them. K. Ako [1] called them "semi-decomposable type".
We shall prove existence, uniqueness and stability of solution of such a system.
The author wishes to express his hearty thanks to Prof. M. Hukuhara and Prof. K. Yosida for their helpful advice and incessant encouragement. §1. Hiikuliara's problem for general equations of evolution* We notice that from the assumption A) ii) we have i? Then we have successively
which means the stability of u (z^5 x) with respect to the variation of <p(jx) expressed in terms of its Fourier transform p(<0- §2 e A special case-2 8 1. The assumption A) ii) iii) can be weakened to some extent for differential equations of special type. Consider equations of the following type
We shall solve Hukuhara's problem for this system, -and find a solution of it, defined for 0<j;<^T Q and satisfying the initial condition with Hukuhara's data
We assume ; 
The Wronskianof these solutions V(t, a) = O a) (£, a), v™(t, a)) can be calculated easily;
det VX*, cr) s= const. = det V(0, a) = 1. with r /== rG3o,<*oOO).
2. 5, We shall find a solution v(t,a) of (2.6) and (2.7) for a >X C in the form of 
Q t u(t, x) =A(t, x)*u(t, x)+b(t, x),
in which A(t,x) means an NxN matrix and the symbol * means convolution with respect to the variables x= GT-L, x 2 , ••-, #"). We shall solve Hukuhara's problem for (3. 1), and find a solution of it defined for 0<jf<i7o and satisfying the initial condition with Hukuhara's data Fourier transformation with respect to x, applied to (3. 1) and (3.2') gives
4) «(*,<j)U = f(ff).
We assume
C) i) The elements a,ji(t,x)'s of the matrix A(t,x) are defined for 0<^<iTo ? belong to U x . Their Fourier transforms dji(i,@}'s are continuous with respect to t and belong to L\ 7 and satisfy d jt (t, s) |<^0
for 0</<;To with a constant <z 0 >0. We shall find a solution v(t,a) of (3.3) and (3.4) expressed in the form The remarks on uniqueness and stability of solution stated in the preceding sections, remain still valid in this case.
ii) The components bj(t,%ys of the i°ecior b(t,x) are defined for

O^^^To, belong to LI-. Their Fouris';' ti ansfcrui^ bj(t,Gys es'c continuous with respect to i a:id satisfy \bj(t,G)
3. 3. The assumption C) i) can be weakened to some extent for convolution equations of special type. Analogous circumstances have occured for differential equations (1. 1) and (2. 1) in the preceding sections.
Consider convolution equations of the following type;
t, x) =u z (t 9 x) +bi(t, x) 1 3 t u 2 (t 9 x)=a (*, x) *ui (t, x) + b. (t, x).
We shall find a solution u(t,x) of (3. 11) defined for 0<l£<ITo, satisfying the condition
Fourier transformation with respect to x applied to (3. 11) and 3 0 4, Under the assumption D), (3.13) and (3. 14) can be treated in the same manner as in §2. There is a solution i?(£, a) of (3.13) de-fined for 0<l£<^To and satisfying (3. 14) for 0<Ltj<^B Q with a properly chosen constant J3 0 >*0. Inverse Fourier transformation g~i applied to t?(£>*0 gives a solution u(f,x) of (3.11) satisfying (3.12). The remarks on uniqueness and stability of solution remain still valid in this case with some obvious changes similar to the one given in 2.6 of §2. §4 0 Semi-separate hyperbolic equations.
First we quote from Nagumo [8] well known results concerning
Cauchy problem for symmetric hyperbolic equations. Consider symmetric hyperbolic system
together with a usual initial condition We shall make use of the following theorems (Nagumo loc cit.
pp. 70-71). Stability of solution 'with respect to the variation of y(x) is obtained similarly. Let u(t,x) and v(t,x) be the solutions of (4.4) and (4.5) corresponding to the data <p(x) and ^(^) respectively, defined for 0<l£<;To with a constant T 0 satisfying (4. 15) under the assumption E) . After the manner of (4. 18) we have It is well known that starting from the energy integral inequality (4. 3) , one can deal with genuine solution of Cauchy problem and Cauchy problem for semilinear system. But it is immediately seen that an energy integral inequality for the system (4. 4) can be given in the same form as (4. 3), using the simple method by which we have derived (4.14) from (4.13). Therefore it seems to be unnecessary to state here the same results for Hukuhara's problem as the well known ones for Cauchy problem concerning semilinear system or gunune solution.
